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THE DEFINITION OF EMPATHY has been incredibly variable, and the mental construct of automatic, unconscious sensory-motor contagion has been often erroneously equated to the conscious, effortful ability to share other's emotions (Decety 2009 ). Both sensory-motor contagion and the affect sharing constructs found experimental support in the evidence of overlapping neural substrates between the direct experience of an emotion and the observation of someone else experiencing the same emotion. In particular, neuroimaging studies investigating the experience of feeling and observing physical pain within the same experimental participants yielded to identify a set of structures included in the so-called "pain matrix," which is active during both felt and seen pain [e.g., anterior insula (AIns); mid-cingulate cortex (MCC)]. Such "shared representations" have been interpreted as evidence for a neural foundation of empathy (Lamm et al. 2011) . However, as the activity in these structures has been associated with a plethora of other functions, it remains unclear what the specific and independent contribution of AIns and MCC is to the processing of sensorymotor contagion and affect sharing.
In a recent article, Corradi-Dell'Acqua et al. (2011) raised the question of whether the claimed "shared" activations would mirror the neuronal activity of specific bimodal neurons that are sensitive to either felt and seen pain, or alternatively, reflect the activity of unrelated diverse neuronal populations, independently computing for different pain-related representations. In addition, and perhaps more importantly, the authors wondered if such neuronal populations would code for pain-related contents, or rather code for any negative and aversive information.
To address these questions, the authors used a recently developed analytic technique, multivariate pattern analysis (MVPA). In the context of fMRI data analysis, MVPA is a computational approach that, in contrast to the strictly locationbased univariate analysis, processes the full spatial pattern of brain activity measured simultaneously at many locations, thus disclosing joint activations of mutually dependent voxels. In addition, this technique does not rely on spatial smoothing and average-based comparisons of activity in two different conditions, and hence provides a fine-grained discrimination of hemodynamic activations occurring in separate independent conditions (Haynes and Rees 2006) . The main novelty rests on the implementation of a patterns classifier able to learn discrete differences between two experimental conditions, and use patterns of information collected in one condition (e.g., "selfpain") to predict patterns that will be collected in another condition (e.g., "other-pain"). This feature makes MVPA more informative than the univariate approach.
On these premises, Corradi-Dell'Acqua et al. (2011) assumed that the finding of equal fMRI response patterns in the two independent conditions of feeling pain vs. observing pain in others would support the hypothesis that the same neuronal populations are responding to either condition.
The authors studied 28 female participants in two separate sessions. In the first session, painful and non-painful thermal stimulation was delivered on the participants' right hand. This session (pain localizer session) was meant to train the classifier to discriminate the voxels implied in the processing of pain from those implied in the processing of non-painful events. In the second session, the participants were shown pictures of strangers' hands in four different conditions: negative painful (i.e., "pain was inferable both by the presence of wounds/ marks on the skin and by the display of an external object [ . . . ] acting on the skin surface"), neutral painful (i.e., "hands holding various sharp/cutting instruments and [ . . . ] hands exhibiting painless marks on the skin"), negative painless (i.e., "hands in emotionally aversive, but painless situations"), and neutral painless (i.e., "hands interacting in a non-arousing fashion with potentially threatening objects"). The negative painful condition was chosen to control whether hemodynamic responses elicited during this condition were pain specific, or rather associated with a more general response to aversive events (negative painless condition). This is an important innovation of the study, as for the first time in the literature, these authors controlled for the negative valence of seen pain. Participants performed a handedness task: they were asked to press the key representing the depicted hand as fast as possible while ignoring all the other image features.
Multivariate results pointed to a shared activation of one structure only, the AIns, which survived a strict correction for multiple comparisons across the whole brain. Interestingly, the MVPA analysis uncovered a consistent multivoxel overlap of AIns also during the negative painless condition (CorradiDell'Acqua et al. 2011, Fig. 4a ). Univariate analysis of the handedness task activations confirmed MVPA results by showing undifferentiated activations of AIns during negative painful (vs. neutral painful) and negative painless (vs. negative painful) contrasts (their Fig. 3c, green areas) . In addition, it showed a significant activation of structures classically linked to felt pain (among which AIns, postcentral gyrus, MCC, and midbrain activations) during negative painful observation (vs. neutral painful) (their Fig. 3, yellow areas) . In sum, AIns cortical patterns associated with painful thermal stimulation in the pain localizer session were able to discriminate the negative painful (from neutral painful) as well as negative painless (from neutral painless) conditions, despite the fact that these conditions reliably differed in terms of valence and emotional intensity ratings (their Table 1 ). Yet, the spatial pattern overlap between the two conditions was specific to AIns but not present in other structures responding to felt pain (Fig. 1) . In particular, middle insula (MIns) and MCC joint activations were not interpreted to depend just on the presence of negative arousing features in the stimuli (at variance with AIns), but rather on the presence of pain-related information.
Corradi-Dell'Acqua et al. (2011) concluded that their data "extend current theoretical accounts of empathy by defining both anatomically and functionally two sets of regions in the pain matrix that exhibit different shared properties: one (MIns and MCC) sharing information specific to the presence of pain, and the other (AIns) sharing information about its associated emotional effects."
Here we discuss several arguments that could lead to different interpretations of the interesting and useful findings Corradi-Dell'Acqua et al. (2011) reported. First, to provide insight on empathy (affect sharing), the authors could have co-varied the reported shared neurophysiological patterns with state or trait empathy measures (unfortunately not collected in this study) or submit the participants to a task eliciting affective responses, thus requiring the participant to explicitly focus on the other's experience. Conversely, the handedness task required the participant to explicitly distract from the other's experience, thus possibly eliciting only a sensory-motor contagion process. Second, as a technical note, during the pain localizer session participants were not required any decision making, which was in turn required during the handedness task. This implies that no explicit task-related pre-motor and motor activations took place during felt pain, whereas these likely took place during observed pain. In addition, it is worth noting that the stimulation modality used to provoke the actual pain experience in the participants (i.e., contact thermode) was different from the modality suggested in several items displayed within the negative painful condition (e.g., needles inflicting hands). It is not known how such discrepancies may have influenced the pattern categorization processes, but future MVPA studies might address these methodological caveats. Third, the task implemented in this study has been proved effective in a previous fMRI investigation of seen pain in others (Gu et al. 2010) . In that study, the handedness task was integrated with a task that required the participants to judge whether the person depicted in the photograph was suffering from pain. These two tasks were chosen according to their similar level of cognitive load. Those authors found that the higher AIns activity during the observation of other's pain was unrelated to whether the task required a participant to judge pain or laterality, while in contrast the MCC was shown to be equally activated across tasks and stimuli. Therefore, they concluded that, differently from the AIns, the MCC was not involved in the brain representation of empathy (see Valentini 2010 for a discussion). Although Corradi-Dell'Acqua et al. (2011) did not control for cognitive load variability, they interpreted the MCC activation as mediating the specific pain content of the information shared between felt and seen pain. At variance with this interpretation, Gu et al. (2010) hinted to a nonspecific involvement of cingulate areas in representing pain-related shared information. It is thus difficult to establish whether any possible functional isomorphism mediated by shared neural substrates could depend on contextual factors such as tasks, instructions, and stimuli used. Fourth, it is also likely that despite the improved spatial precision of effect estimates provided by metanalysis-guided fMRI designs and by multivariate pattern analysis, the poor temporal resolution of fMRI may neglect cortical responses occurring at very early latencies. Conversely, other techniques such as direct intracortical recording of spontaneous (or elicited) electrical field potentials can reveal activations that are impervious to hemodynamic recordings. Interestingly, a recent case report suggested that posterior insular activity is a necessary first cortical nociceptive entry whereby the experience of pain would emerge in interaction with other structures subsequently recruited, as the MCC and MIns (Isnard et al. 2011 ). According (2011) . The authors verified the hypothesis that "shared" activations would be reflected by the activation of bimodal neuronal populations sensitive to both felt and seen pain information [the middle insula (MIns) and the mid-cingulate cortex (MCC)]. However, they also identified a cortical structure (anterior insula; AIns) that codes for a rather general feature shared by both felt and seen pain, namely its negative-aversive content. Importantly, the latter result only has been confirmed by a multivariate pattern analysis (MVPA) of neural responses. This analytic approach, introduced for the first time in this field, allows for the exploitation of the entire spatial pattern of brain activity measured simultaneously at many locations in one condition (felt pain), to predict patterns in another condition (seen pain). Therefore, more informative results can be obtained using MVPA rather than the classic univariate approach.
to a shared activation account, one might infer that the same circuitry would apply to the processing of vicarious pain experience. This rationale would suggest that the low temporal resolution of fMRI studies may importantly bias conclusions about the specific association between some cortical structures and pain, or as in the present case, between a given cortical structure and a purported empathic function. Fifth, recent theoretical accounts of brain representation of pain compellingly demonstrate that cortical structures activated by nociceptive somatosensory stimulation, classically referred to as the pain matrix, are equally triggered by salient sensory stimuli regardless of their modality (Mouraux et al. 2011) . Therefore, the higher saliency of negative painful and negative painless stimuli (i.e., their ability to stand out from neutral painful and neutral painless stimuli) may explain the specific patterns of activations observed in the study by Corradi-Dell'Acqua et al. (2011) . Sixth, other recent findings seem to suggest that prestimulus activation in the AIns is coupled to the evaluation of a stimulus as painful or not painful, and that its prestimulus interaction with the MCC increases as the threat of the impending stimulus increases (Wiech et al. 2010) . Such findings also suggest a role of the contextual biological meaning of the sensory event in modulating the activity of the observed structures. Importantly, by no means can one ascertain whether the saliency and threat property of the felt stimuli during the pain localizer session in the study by Corradi-Dell'Acqua et al. was comparable to the saliency and threat (if any) of the pain-related and non-pain-related negative valence seen stimuli. Therefore, we suggest that, together with the measurement of classical psychophysiological dimensions as valence and arousal, the measurement of saliency and threat may be a crucial attempt to favor interpretations of findings in terms of simulationist accounts of empathy for pain.
